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The goal of the present work was to find out the influence of norms and forms of nitrogen
fertilizers on the accumulation of nitrates in young and old leaves of Washington eNavel
plants. The researches took place of the experimental plot of scientific industrial union of
tea, subtropical cultures and tea industry in Anaseuli. In order to determine the influence
of the norms of nitrogen fertilizers on the accumulation of nitrates, we used ammonium
sulfate and ammonium nitrate on the background of P, K, Ca, Mg with the dozes e 75, 150,
300, 450 g per tree, following all the agricultural rules. And from the forms of nitrogen
fertilizers on the accumulation of nitrates, on the background of P, K, Ca, Mg we used
ammonium sulfate, ammonium nitrate, ammonium carbonate, Montanus nitrate and
sodium nitrate. In one of the tests we took 3 full productive plants and 48 plants e in the
entire experiment. As a result of the research we confirm that during the vegetation period
in the leaves of Washington-Navel, the norms of nitrogen fertilizers are not in direct
connection with the accumulation of nitrates and during using the forms of nitrogen fer-
tilizers we can observe some peculiarities: the maximum accumulation of nitrates takes
place in the first year of the second vegetation period while using ammonium nitrates in
old and young leaves. In the first year of using ammonium carbonate and Sodium nitrate,
the nitrates are accumulates only in young leaves in the second vegetative period and in
the second year e while using ammonium nitrates in old and young leaves.
© 2016 Agricultural University of Georgia. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
The agricultures have the ability to process a certain amount of
nitrate form of nitrogen and to form organic compounds, but if
nitrogen absorbed by the plant is of a large quantity, then the
part of the nitrates in the body of the plant remains(S. Lominadze).
Annals of Agrarian Scien
eorgia. Production and h
org/licenses/by-nc-nd/4.0unprocessed. It should be noted that the accumulation of ni-
trates in a variety of plants as well as in various bodies of the
plant is also uneven. Vegetative organs of the plant are char-
acterized by a higher level of nitrate accumulation, rather than
fruit. This feature of the plant is particularly clearly expressed
in the deciduous vegetables, as for the citrus, they do not
accumulatea largeamountofnitrates.Theoptimal consistencece.
osting by Elsevier B.V. This is an open access article under the CC
/).
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summer is 2,0e2,2, in autumn e 2,6e2,7%. The optimal
consistence of nitrogen in leaves with the regression equation
is corresponded by the hydrolysis nitrogen in the soil: in spring
and summer 36e37, in autumn - 30 mg per 100 g soil. Total ni-
trogen content in orange leaves reaches itsmaximum in spring
and summermonths, reaching 2.5% in June, afterwhich there a
reasonable reduction takes place [1,2] Tables 1e3.Table 1 e The impact of the forms of Nitrogenous fertilizers on
vegetative period ðNO3%Þ.
Norms of nitrogenous
fertilizers On the
background of PKCaMg
(g/per tree)
First year
May June July September
PKCaMg- background 0.0156 0.0440 0.0109 0.0416
(NH4)2SO4 75 0.0139 0.0228 0.0141 0.0338
(NH4)2SO4 150 0.0147 0.0338 0.0194 0.0272
(NH4)2SO4 300 0.0114 0.0215 0.0231 0.0251
(NH4)2SO4 450 0.0137 0.0288 0.0309 0.0186
NH4NO3 75 0.016 0.0568 0.0364 0.0389
NH4NO3 150 0.0125 0.0338 0.0456 0.0216
NH4NO3 300 0.0173 0.0288 0.0537 0.0242
NH4NO3 450 0.0203 0.0306 0.0555 0.0181
Table 2 e The impact of the forms of Nitrogenous fertilizers on t
vegetative period ðNO3%Þ.
Norms of nitrogenous
fertilizers On the
background of PKCaMg
(g/per tree)
First year
May June July September
PKCaMg- background 0.0223 0.0342 0.0346 0.0125
(NH4)2SO4 75 0.0125 0.0245 0.0269 0.0136
(NH4)2SO4 150 0.0089 0.0309 0.0288 0.0144
(NH4)2SO4 300 0.0156 0.0260 0.0338 0.0158
(NH4)2SO4 450 0.0162 0.0199 0.0358 0.0154
NH4NO3 75 0.0141 0.0402 0.0426 0.0162
NH4NO3 150 0.0226 0.0389 0.0484 0.0124
NH4NO3 300 0.0117 0.0226 0.0575 0.0141
NH4NO3 450 0.0172 0.0206 0.0562 0.0162
Table 3e The impact of the forms of nitrogenous fertilizers on t
during vegetative period ðNO3%Þ.
Forms of nitrogenous
fertilizers (g/per tree)
Leaf age First year
May June July Septem
Unfertilized Old 0.0149 0.0260 0.0281 0.018
Young 0.0092 0.0226 0.0272 0.014
PKCaMg-background Old 0.0158 0.0371 0.0260 0.028
Young 0.0199 0.0334 0.0218 0.019
(NH4)2SO4 Old 0.0137 0.0223 0.0223 0.022
Young 0.0080 0.0226 0.0316 0.017
(NH4)2SO4 60% NH4NO3 40% Old 0.0126 0.0178 0.0263 0.035
Young 0.0251 0.0204 0.0402 0.016
NH4NO3 Old 0.0128 0.0501 0.0441 0.039
Young 0.0245 0.0568 0.0602 0.015
(NH2)2CO Old 0.0137 0.0358 0.0364 0.033
Young 0.0226 0.0436 0.0546 0.013
NaNO3 Old 0.0105 0.0316 0.0327 0.014
Young 0.0120 0.0412 0.0441 0.017The accumulation of nitrates in plants is greatly influenced
by the excess amount of its content in the soil, which is
determined, on the one hand, by the high rate of usage of fer-
tilizers containing nitrate and on the other hand, by
strengthening the nitrification process in the soil, inwhich soil
and fertilizer ammonium is involved. Nitrogen fertilizers have
a crucial importance in citrus fertilization, which is caused, on
the one hand, by the large demand for nitrogen of citrus plantsthe consistency of nitrates in old leaves of orange during
Second year
November May June July September November
0.0177 0.0170 0.0160 0.0148 0.0188 0.0158
0.0197 0.0155 0.0248 0.0140 0.0266 0.0179
0.0226 0.0175 0.0288 0.0182 0.0224 0.0192
0.0142 0.0135 0.0224 0.0248 0.0245 0.0156
0.0141 0.0112 0.0316 0.0281 0.0350 0.0130
0.0184 0.0153 0.0380 0.0306 0.0384 0.0176
0.0234 0.0144 0.0531 0.0417 0.0253 0.0197
0.0141 0.0162 0.0275 0.0472 0.0211 0.0160
0.0124 0.0214 0.0354 0.0384 0.0295 0.0178
he consistency of nitrates in young leaves of orange during
Second year
November May June July September November
0.0120 0.0199 0.0224 0.0206 0.0189 0.0129
0.0091 0.0151 0.0327 0.0319 0.0179 0.0112
0.0097 0.0101 0.0269 0.0289 0.0154 0.0104
0.0096 0.0141 0.0278 0.0435 0.0169 0.0123
0.0079 0.053 0.0218 0.0384 0.060 0.0091
0.0079 0.0158 0.0431 0.0467 0.0202 0.0091
0.0102 0.0206 0.0355 0.0393 0.0146 0.0118
0.0109 0.0126 0.0257 0.0354 0.0136 0.0110
0.0090 0.0172 0.0237 0.0351 0.0169 0.0111
he consistency of nitrates in young and old leaves of orange
Second year
ber November May June July September November
9 0.0126 0.141 0.0180 0.0180 0.0191 0.0115
4 0.0070 0.0118 0.0188 0.0200 0.0129 0.0084
8 0.0173 0.0158 0.0169 0.0177 0.0180 0.0141
3 0.0078 0.0184 0.0184 0.0190 0.0141 0.0076
8 0.0128 0.0099 0.0248 0.0234 0.0257 0.0153
5 0.0074 0.0169 0.0242 0.0412 0.0166 0.0084
8 0.0242 0.0126 0.0204 0.0223 0.0346 0.0232
6 0.0141 0.0221 0.0214 0.0303 0.0156 0.0102
8 0.0199 0.0146 0.0369 0.0407 0.0354 0.0163
6 0.0088 0.0165 0.0389 0.0296 0.0143 0.0080
9 0.0202 0.0130 0.0417 0.0278 0.0299 0.0172
4 0.0123 0.0224 0.0575 0.0472 0.0173 0.0104
1 0.0128 0.0095 0.0367 0.0355 0.0266 0.0116
7 0.0071 0.0127 0.0380 0.0446 0.0158 0.0070
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organic soil. In natural conditions feeding the plant with ni-
trogen is carried out by the absorption of anion from the soil
solution NO3 and NH4þ cation. Among the vegetative organs
foliage is richwithnitrogen [3e5]. Nitrogenous fertilizers cause
the accumulation of nitrogen, phosphorus, potassium, cal-
cium andmagnesium in the fruit pulp and skin. By increasing
the nitrogen dozes, the total amount of nitrogen in the soil
increases, but there is no increase in nitrates. The more the
number of nitrogenous fertilizers is used, the faster become
soils poorer in copper; therefore, the copper deficiency is
heightened in food rations of the human. The nitrates accu-
mulated in food products can turn into nitric compounds
which have carcinogenic properties [6e9]. Ammoniac and
amide nitrogen is accumulated in a large number in young
citrusplantsand rootsafter 5e30h fromfertilizing thesoilwith
Ammonium nitrate and urea, and when fertilizing with cal-
cium nitrate e they are accumulated in leaves [10].
The impact of the norms of Nitrogen fertilizers on the
overall nitrogen content of theWashington-Navel orange pulp
and skin is not more than 1%. In the fruit-juice of Washington
Navel thenitrate contentwith theactionofnormsand formsof
nitrogen fertilizers does not exceed the permissible limits
50 mg/kg. On average it changes according to forms and
norms of nitrogenous fertilizer in 3,8e6,9mg per 1 kg of the frit
[11]. According to the research, we have found that in Meyer
lemon fruits the nitrate content does not reach the dangerous
indicators and it varieswithin the limits of 18e26mg/kg,which
is 24e32 mg/kg less than a standard 50 mg/kg. That is, Meyer
lemon fruits are environmentally friendly and from the norms
of the ammonium nitrate of Carbamide and Ammonium it is
optimal on 150 g/per plant. Larger standards do not signifi-
cantly affect the nitrate content of the lemon fruit pulp [12].
In order to ascertain the critical level of the nutritious el-
ements in citrus, leaves aremore sensitive than the vegetative
organs of other plants [13].
By the scientists' long-term studies of different types of soil
conditions, it is estimated that the connection between mul-
tiple norms of nitrogen fertilizers and the nitrate content of
the plant has not been observed [14e22].Objectives and methods
The abovementioned studies clearly show there are not
enough studies about the crops received as a result of accu-
mulating nitrates in Washington Navel orange leaves and
their connection, therefore, this issue is considered urgent
and we considered it reasonable to study it in the subtropical
zone of Georgia.
According to the research object, we have studied the
impact of forms of nitrogenous fertilizers on the accumulation
of nitrates in the orange Washington e Navel. In order to
accomplish the mentioned works, the observation process
took place in conditions of field experiments of Washington e
Navel orange during two years.
The experiment is to be repeated six times. There are six
plants in each analyzing section e 2 protective and 4 regis-
tering. There are 24 registering plants in every variant. The
plant feeding area was 2.2 3.0m. The fertilizers were appliedin accordancewith agrarian requirements. The liming process
took place according to one exchange acidity during an
experiment.
Once in two years we applied P2O5 300 g and K2O 200 g of
fertilizer-manure, 20 kg per tree. The single norm of applying
nitrogenous fertilizers was 150 g/per tree. The plan of the
experiment is given in the schedules 1, 2 and 3.
Within the vegetative period, during two years, the nitrates
consistency in old and young leaves was determined via the
ion-selective method.Results and discussion
The obtained results are reflected in the schedules 1, 2 and 3,
where we can find out that the accumulation of nitrates in old
and young leaves of orange increases in May, June and July
during two years. Then the accumulation process is reduced.
In old leaves this process reaches up to 0.053e0.054% in
average and in young leaves - 0.046e0.057%. The growth of
norms of nitrogenous fertilizers does not have sharp influence
upon the accumulation of nitrogen in old and young leaves. As
for the age of the leaf, the amount of nitrates is higher in old
leaves than in young leaves, if not considering some excep-
tions. During experiments we have not mentioned the direct
connection between the application of nitrogenous fertilizers
and the accumulation of nitrates in orange leaves, which is
confirmed by the literary sources as well [4].
As for the impact of forms of nitrogenous fertilizers upon
the accumulation of nitrates in the orange leaves, we can note
that the forms of nitrogenous fertilizers cause the growth of
accumulation of nitrates in old and young leaves of the orange
Washington-Navel in comparison with unfertilized variant,
the maximum is observed in young leaves in July (up to
0.055e0.060%), and in old leaves e in June (up to
0.037e0.050%). An important difference can be noticed among
the forms of nitrogenous fertilizers. The nitrates are mostly
accumulated in leaves while applying the nitrogenous fertil-
izers of nitric form like Ammonium and Natrium nitrates, and
the nitrates are significantly reduced while applying
Carbamide and Ammonium sulphates.
The carried out studies enable us to select more effective
forms of nitrogenous fertilizers for the orange Washington-
Navel, which, in this case, is Carbamide. The norms of
nitrogenous fertilizers in orange leaves are not in direct
connection with the accumulation of nitrates. Due to this fact,
the obtained production is not polluted with nitrates and is
24e32mg less than the admissible norm in a kilogram of fruit.
And our research proves this fact [11].Conclusion
1. The norms of nitrogenous fertilizers are not in direct
relationship with accumulation of nitrates in the leaves of
the orange Washington-Navel;
2. The maximum amount of nitrates in the young leaves of
the orange Washington-Navel can be observed in July, in
old leaves e in June. In the rest of the period the consis-
tency of nitrates are reduced; which is well reflected in the
anna l s o f a g r a r i a n s c i e n c e 1 4 ( 2 0 1 6 ) 2 3 3e2 3 6236crops because in 1 kg of the crop received in the same
experiment the amount of nitrates is 24e32 mg less than
the admissible norm (500 g/kg).
3. In the system of fertilizing the orange Washington-Navel,
Carbamide is more effective form among the nitrogenous
fertilizers.r e f e r e n c e s
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